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1.0 INTRODUCTION

This appendix presents the calculations performed to estimate current loading, fate, and
transport terms as part of the Round 2 Comprehensive Report.' An overview of
loading, fate, and transport processes that are relevant for the Study Area, and the
approaches to assess the applicable mechanisms, are presented in Section 7 of the main
report. Additional details of the calculation methods, including all assumptions and the
results, are presented here. Specifically, estimates for the following current loading
terms are presented in this appendix:

e Upstream loading estimates for surface water
e Preliminary stormwater loading estimates
e Upland groundwater plume loading estimates

e [Estimates of advective transfer of sediment contamination to surface water via
discharging groundwater

e Atmospheric deposition.

In addition to these mass loading/transfer estimates, two supporting items are included
in this appendix:

e Data tables of available upland soils chemistry to support a future evaluation of
bank erosion loading

e A geochemical analysis of arsenic, barium, and manganese in transition zone
water (TZW).

! The focus of this analysis is on current loading terms to the Study Area and current in-river fate and transport
processes. It is recognized that each loading term has a corresponding historical component that may be very
significant to the Study Area; however, limited quantitative data are available to support estimates of these
historical terms. Therefore, historical loading is discussed only qualitatively in this Round 2 Report. Section 5
provides a qualitative discussion of some historical sources. Historical sources are discussed again in Section

11.1, relative to current loading terms, citing stratigraphy-based comparisons of sediment concentration statistics
to support the discussions.

D-1
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2.0 UPSTREAM SURFACE WATER LOADING ESTIMATES

The mass loading rate of selected chemicals in surface water was estimated using a
semi-quantitative approach as described in Section 7.1.1.1 of the main report, which
details data sources, equations, and assumptions. The purpose of this exercise was to
estimate the chemical mass flux entering the Study Area at river mile (RM) 11 via
dissolved and suspended loads in upstream surface water. Additionally, the change in
chemical mass flux was estimated over the Study Area at RM 6.3 and RM 4.

The results of these calculations (expressed in units of kg/year) are presented in this
appendix for dissolved, particulate, and total loads for all sampling methods (XAD and
peristaltic). Results for RM 4, RM 6.3, and RM 11 are presented in Tables D2-1, D2-2,
and D2-3, respectively.

The loading rate estimates are also presented graphically in two ways: (1) loading rate
as a function of river flow rate (Figures D2-1 through D2-5), and (2) loading rate as a
function of location within the Study Area (by river mile) (Figures D2-6 through
D2-10).2

Discussion of these results is presented in Section 11 in the context of the conceptual
site model (CSM).

* The loading of polycyclic aromatic hydrocarbons (PAHs) presented in figures is limited to data obtained from
XAD samples because the smaller volumes associated with peristaltic samples resulted in several undetected
values. In addition, it should be noted that total dioxins/furans are expressed and reported as both total
dioxin/furan congeners and total dioxin/furan homologs. The basis for this convention is the fact that the
number of individual congeners used by the laboratory to calculate the homologs is greater than the number of
individual congeners reported. Therefore, the loading rates of total dioxin/furan homologs are approximately
one order of magnitude greater than the rates calculated for total dioxin/furan congeners.

D-3
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3.0 STORMWATER LOADING ESTIMATES

The approach to developing stormwater chemical loading estimates and the
interpretation of results are summarized in Sections 7 and 11 of the main report,
respectively. This appendix contains additional detail describing the approach and
presents the calculation results in Table D3-1 for low-, mid-, and high- range estimates.

The loading calculations were conducted for the overall drainage basin to the Site, with
no attempt to differentiate loads for various sub-basins or outfalls. The delineation of
basins and associated characteristics is still in progress.

3.1 LOADING CALCULATION METHODS

Sufficient information currently exists on the overall Site drainage basin to make very
general estimates of the volumes of water draining to the overall Site. Only very
limited site-specific information on chemical concentrations in stormwater and
suspended solids is currently available from a small number of sub-basins.
Consequently, estimates of stormwater loads for this report are very generalized and are
primarily based on available literature information.

Because the stormwater loading approach presented here is very general and includes
numerous assumptions, a large range of possible loading estimates is presented with a
discussion of associated uncertainties. This information was generated to provide
insight into the relative potential importance of stormwater as a source and the need for
further study.

As described in Section 7 of the main report, site-specific information on land use and
drainage areas from Section 5 of the main report were combined with literature values
on stormwater concentrations (augmented by site-specific values where available and
applicable) for various chemicals and land uses to yield a range of loading estimates
using the Simple Method® (Schueler 1987).

? Schueler’s Simple Method was developed to help understand the relative contributions of various types of land
uses for chemicals such as metals and nutrients and is not commonly applied to organic chemicals on the
chemical of interest (COI) list for this Site. The method was originally intended for use in relatively small basins
to evaluate the impacts of new developments on water quality. Thus, the Simple Method is not specifically
designed for use in developing site-wide loads of toxic chemicals from large urbanized areas for a relatively
large segment of a river. Despite these limitations, the Simple Method provides a means to calculate a range of
potential stormwater loads using general site information and is a useful first step in understanding the potential
importance of stormwater as a source to the site.

D-5
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The Simple Method for estimating loads is determined from:
L=R*C*A

where: L = Annual load (kg/yr)
R = Annual runoff per unit area (cm/yr)
C = Chemical concentration (mg/L)
A = Area (ha)

Unit conversion is necessary to yield units of kg. The R value is determined from:
R =P *Pj* Ry

where: P = Annual rainfall (cm/yr)
Pj = Fraction of annual rainfall events that produce runoft (usually 0.9)
Rv = Runoff coefficient (unitless)

The P value was set at the annual average rainfall for Portland (42.54 in. = 107.63 cm),
obtained from WRCC (2006), for all calculations. The value for A (area) was obtained
from the overall drainage basin information presented in Section 5 of the main report
(see Table D3-2). Rv was calculated based on a correlation relationship with
impervious cover in the basin developed by Schueler (1987); these values are shown in
Table D3-3. Impervious cover values were assigned to each land use category available
from the Basin Characterization report based on SMRC (2006) urban data for such
typical land uses (Table D3-3).

The value for C was obtained from a variety of stormwater pollutant studies. Table
D3-3 shows values used in loading estimates. Tables D3-4, D3-5, D3-6, and D3-7 show
the information sources for these values. The data reduction methods to determine the
values used in Table D3-3 are further discussed below. Studies that examined
concentrations from various types of land uses were associated with each of the land use
categories available from Section 5 of the main report; these are shown in Table D3-2.
The Simple Method calculation was conducted individually for each land use area, and
these loads were summed to obtain a total load estimate for the Site drainage basin, as
shown in Table D3-1.

The availability of pollutant loading data varies across the combined ecological and
human health lists of initial chemicals of concern (iCOCs). The literature was initially
reviewed to determine which chemicals were relatively well-represented in the
literature. Based on this review, all readily available data were compiled on the
following chemicals: arsenic, copper, lead, mercury, zinc, bis(2-ethylhexyl)phthalate
(BEHP), dichloro-diphenyl-trichloroethane (DDT), polycyclic aromatic hydrocarbons
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(PAHs), polychlorinated biphenyls (PCBs), and phenol®. In addition, stormwater total
suspended solids (TSS) data were compiled from the literature so that information from
in-line sediment trap chemical concentrations could be converted to water
concentrations and included in the data set.

Stormwater investigations have typically focused on metals and nutrients; consequently,
the number of available metals data points for each land use was usually in the
hundreds. In contrast, there were typically only a few data points per land use for most
of the organic chemicals, with some exceptions. The implications of any data set
limitations for the overall evaluation are discussed in detail in Section 3.3.

The range of C values for each chemical and each land use was also considered by
applying the maximum, median or mean (depending on the data source), and minimum
reported values. The methods for utilizing literature values and assigning them to high,
mid, or low categories for each land use type are further described below.

3.2 REVIEW OF LOADING CALCULATION TABLES

The land use categories come directly from the geographic information system (GIS)
layers obtained from the sources noted in Section 3.3. Generally, these categories are
self-explanatory, with some exceptions. For the purposes of this evaluation, “mixed
use” is defined as a mixture of primarily residential and commercial areas. “Parks/open
space” represents open and generally undeveloped areas that occur within the overall
drainage basin (e.g., Forest Park, other parks). A review of the locations designated as
“rural” within the overall drainage basin revealed that most of this area corresponds to
the Balch Creek area, which is very similar to Forest Park in terms of actual land use.
Given the similarities between parks/open space and rural designations within the Site
drainage basin, these two land uses are treated similarly in the land use loading analysis.
“Single-family” land use in the GIS information is equated to “residential” land use
literature data for the purposes of this analysis.

Also, as noted in Section 4 of the main report, an additional land use category identified
from national and local stormwater studies as having unique effects on stormwater is
major transportation (e.g., highways and freeways). The City has conducted
evaluations of actual transportation land uses (e.g., major arterials and highways) and
prepared GIS overlays of these uses within the Site drainage, which have not yet been
assessed by the Lower Willamette Group (LWG). Some refinement of the zoning-
based land use maps used in this report is needed to define more accurately the
coverage from major transportation land uses and will be conducted for the remedial

* Phenol was not identified as an iCOC or potential iCOC, but was included as an initial target analyte during the
preliminary stormwater literature data research, and is included here to provide additional insight into the overall
stormwater loading term.
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investigation (RI). Currently, these transportation corridors are grouped with the other
categories of land use shown in Table D3-2.

Table D3-2 contains the calculation of runoff volumes for each land use. Section 4 of
the main report presents Table 7.1-3, which shows the acreages of land use within each
identified basin and the total land use acreages for the overall basin draining to the Site.
For the purposes of calculating runoff volumes to the river, controlled combined
sewerage overflows (CSOs) and discharge to treatment were not included because most
or all of the stormwater generated in these areas is diverted to treatment systems that do
not discharge to the river. Uncharacterized areas and areas of known infiltration/sheet
flow were assumed to contribute runoff to the river and were included in estimates of
runoff volumes. Runoff volumes were obtained by multiplying the land use acreage in
Table D3-2 by the annual runoff depth for each land use shown in Table D3-3 to obtain
a total annual runoff volume in liters (using appropriate conversion factors).

Table D3-3 shows the physical and chemical data determined from literature for each
land use. The following assumptions and reasoning were used to determine these
values:

e “Physical Data” for each land use were derived from the sources noted in
Section 3.3.

e The “Chemical Data” portion of the table shows the chemistry values used,
including water data that were used directly and sediment trap or catch basin
data that were used to estimate water concentrations based on a range of TSS
values. Within this section of the table, the “Water Chemistry Data (mg/L)”
portion utilizes values from stormwater chemistry measurements summarized in
Tables D3-4, D3-5, and D3-6.

- Because no “multi-family” data were available for most chemicals,
values for “mixed use” were used as the closest approximation to this
land use, unless otherwise noted. Mixed use is often a combination of
commercial, institutional, and residential areas representing somewhat
higher proportions of impervious surfaces than single-family residential.
Multi-family use also tends to have higher impervious surface
proportions, so this assumption appears to provide a reasonable first
approximation of loading for these areas.

— Similarly, because very limited “rural” data were available, values for
“parks/open space” were used. As discussed above, within the overall
drainage basin the actual land uses in these two categories are very
similar.
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Mid-range TSS, copper, and zinc values come from local Portland
studies shown in Table D3-5 (Association of Clean Water Agencies
[ACWA]; Woodward Clyde 1997) and high and low values come from
national studies shown in Table D3-4 (National Stormwater Quality
Database [NSQD]; Maestre and Pitt 2005), unless otherwise noted.
National studies were used for high and low values because the local
study did not provide these values in a readily discernible format for
these chemicals.

e For the industrial mid-range values, an average of the ACWA
“in-pipe” and “instream” industrial values was used.

e For mixed use mid-range values, an average of the ACWA
residential and commercial values was used, since a category
similar to “mixed use” was not available from the ACWA study.

e For mixed use low and high values, values from the NSQD
“mixed residential” category were used because it appeared to be
most similar to the definition for “mixed use” discussed above for
this analysis.

Arsenic, lead, and mercury values come from the NSQD study because

summary information on these chemicals was not readily available from
the ACWA study.

BEHP stormwater data in Table D3-6 are extremely limited, with only
two values for commercial, one for residential, and two general urban
results. Consequently, several broad assumptions were made that allow
for a limited differentiation of loads by land use:

e The high and low values for commercial use were set based on
the two available values, and the mid-range value for commercial
was based on the midpoint general urban value.

e Industrial and mixed land use values were set equal to
commercial land use values except that the high industrial value
was set equal to the maximum of the data set, which was from a
general urban data source.

e Park/open space and rural values were assumed to be zero for
low, mid-range, and high.

e The single-family (residential) mid-range value was based on the

single available residential value, while the single-family low
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value was set at half of the commercial value and the single-
family high value was set at the average of the commercial mid-
range and high values.

DDT stormwater data (Table D3-6) were highly variable across studies
and showed no patterns of consistently higher or lower values with a
particular land use. Consequently, the low, mid-range, and high values
across all studies were used for every land use except park/open space
and rural, which was set to zero. Typically, agricultural areas would be
expected to have higher legacy DDT levels, but since the vast majority
of the “rural” land use within the overall basin does not appear to be
former or existing agricultural lands, the zero assumption for this land
use appears more appropriate.

PAH data (Table D3-6) from Portland studies were used preferentially
across all land use categories such that low and mid-range values came
directly from Woodward Clyde (1993). However, high values from
studies from other cities were used to recognize that higher range inputs
are possible given the relatively limited data set from Portland studies.
This approach was used for commercial, industrial, and single-family
land uses. Only two park/open space values were available across all
studies, so these were used as the high and low values for this and the
rural land use categories. The mid-range value for parks/open space and
rural use was set at the average of the low and high values.

PCB stormwater data (Table D3-6) were also relatively limited, and most
of the values came from one Swiss study (Rossi et al. 2004). There was
considerable variability in PCB ranges across land uses, with substantial
overlap among low values for all land uses, including results from
samples of rainwater. This suggests that there is an ambient low level of
PCBs in urban areas (including rainwater falling in these areas).
Therefore, the same low value was used for all land uses. Mid-range and
high values across all studies of industrial, multi-family, and single-
family areas were used for the remaining loading values for these land
uses. Mixed use and commercial loading values were set equal to multi-
family values in the absence of more land-use-specific data. Rainwater
values were used for mid-range and high open space/park and rural
loading values. The end result of these extrapolations is that there is
little differentiation between the different types of urban land uses
(except industrial), particularly in the low and mid-range estimates
(similar to DDT data set).
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— Data for phenol (Table D3-6) were very limited, but not particularly
variable across land uses, perhaps in part due to a large number of values
at or near the detection limits of the studies. Because of this lack of
differentiation, the phenol data were treated analogously to DDT
(discussed above).

e The “Extrapolated Water from Sediment Data” portion of Table D3-7 contains
water values that were determined by multiplying each literature sediment
chemical concentration by a TSS concentration for stormwater (with unit
conversions) to yield a concentration in mg/L. These calculated water values
were used to augment the literature stormwater values. Consistent with the
handling of stormwater values, extrapolated water values from sediment data for
rural land use were set equal to the values available for open space/park.
Similarly, multi-family values were set equal to the values available for mixed
use.

e The “Water Chemistry Data” and the “Extrapolated Water from Sediment Data”
were combined in Table D3-3, titled “Combined Ranges for Water.” These final
combined ranges were the concentrations used in the loading estimates in Table
D3-1, and were determined as follows:

— Because stormwater data sources for metals assumed zero for the low
value, the sediment-extrapolated data were used to fill in the lower end
of these metals ranges. The lowest available (non-zero) value for each
chemical and land use from the “Extrapolated Water from Sediment”
section was used as the low value for the “Combined Ranges” section of
Table D3-3. This is based on the fact that the sediment-extrapolated
metals concentrations estimates are, in most cases, quite low in
comparison to available stormwater results.

— Similarly, to obtain the combined low estimates of organic chemical
concentrations, the lower of either water-based or sediment-extrapolated
values was used. The same approach was used for high range combined
estimates (i.e., the higher of either water or sediment-extrapolated values
was used).

A review of the combined ranges in Table D3-3 used for the loading estimates reveals
that in some cases the rank order of the chemical concentrations is counterintuitive,
particularly for the low-range estimates. For many chemicals, the highest low-range
estimates are for multi-family and mixed land uses, and industrial and commercial
chemical concentrations are relatively lower. This is expected to be an artifact of the
amount of data available for each land use type. Where relatively more data are
available (e.g., industrial, residential, and commercial), more low outliers are available.
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No adjustments were made to the low ranges in response to this observation,
recognizing the overall uncertainty of the literature-based summed loading estimate.

Table D3-7 contains the extrapolation of water concentrations based on sediment and
TSS data. The sediment data come from the studies shown in the columns to the right
of the table. The TSS data come from data in Tables D3-4 and D3-5. Local ACWA
data (Table D3-5) were used for all mid-range TSS values. Because the ACWA report
cited does not include minimum and maximum (or similar) summary estimates for TSS,
Table D3-5 (NSQD) TSS data were used for low and high estimates in Table D3-7.

3.3 LITERATURE DATA ISSUES AND REPRESENTATIVENESS

In cases discussed above, the literature data set for stormwater chemical concentrations

is very limited. In general, a larger data set can be expected to provide a larger range of
estimates, which would be more likely to encompass the possible conditions at this Site.
Also, in many cases, the literature values were from national or international studies, as

opposed to preferable (possibly more representative) local studies.

The representativeness of data sources for each of the chemicals evaluated is discussed
below. In general, the discussion is organized by adequacy of the data sets, starting
with chemicals for which more representative data sets were available.

3.3.1 TSS

TSS is a supporting measure in the calculation of water concentrations extrapolated
from sediment data. In general, TSS is a fairly well understood parameter for
stormwater runoff. The NSQD nationwide database is extensive and includes hundreds
of samples for each of a variety of land use categories. In addition, considerable local
data of the same type are available and summarized in the ACWA study. Readily
available ACWA TSS data noted in Table D3-5 were used for mid-range estimates as
discussed above. The national database in Table D3-4 was used for high and low
estimates to allow for consideration of a wide range of potential conditions, whether
they have been specifically measured in Portland or not. Given the robustness of both
these data sets, TSS data are expected to be one of the least uncertain parameters in the
stormwater loading evaluation.

3.3.2 Metals
Like TSS, metals are widely sampled both nationally and locally in stormwater. The
numbers of samples and range of conditions sampled are very similar to the situation for
TSS. Consequently, available local study mean values were used for mid-range
estimates, and national data were used for high and low estimates to capture a wider
range of potential stormwater loads.
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A smaller data set, including a number of local measurements, was also available for
metals in sediment and catch basin sediments. These data produced relatively low
water concentration estimates that were useful for setting lower-bound metals
concentrations. In addition, some of the local catch basin results contained some
relatively high chemical concentrations (even after conversion to water values) that
appear suitable for capturing the potential upper range of potential loads for some types
of local industrial land uses.

It is expected that the estimated metals loading rates by stormwater encompass the
actual loading rates for the Study Area. Further, the large number of data points from
local studies available for mid-range estimates suggests that these estimates may be
closest to actual loading rates for the Study Area, and the lower and upper range
estimates are expected to be underestimates and overestimates, respectively.

3.3.3 PAHs

Although a considerably smaller data set was available for this chemical class as
compared to metals, the total number of data points was much greater than for the other
organic chemicals evaluated. In addition, local water and catch basin sediment data
were available for PAHs. Catch basin sediment PAH data included some relatively
high values associated with specific industrial sites. Further, the entire data set included
a wider range of land uses than other organic chemical data sets. Consequently, this
allowed determination for commercial, industrial, and single-family land uses based on
local data. For other land uses, national and local data were either used directly or
extrapolated. Similar to the approach for metals, the highest and lowest values
available across national data and local data were used for high and low estimates to
capture more of the entire potential range of site PAH loads.

Overall, the PAH data set is expected to be reasonable for estimation of stormwater
loads to the Study Area. It is recognized that catch basin sediment data include some
high PAH concentrations, and it is expected that the predicted range of stormwater
concentrations may be exceeded at some local industrial sites that represent larger
upland sources of PAHs. However, the total stormwater runoff load of PAHs to the
Study Area is still expected to be captured by the range of estimates provided.

3.3.4 Other Organic Chemicals
The data sets for BEHP, DDT, PCBs, and phenol are similar in that they have relatively
limited and sporadic available data from a small number of studies. In each case, the
loading estimates rely on a few data points that do not encompass the land use
categories established for this effort. Consequently, broad assumptions regarding the
range of values (low through high) were made and often applied regardless of land use
type. Thus, the estimates for these chemicals are far more uncertain than for the
chemicals discussed above.
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BEHP, phenol, and particularly DDT were widely sampled for the Portland National
Pollutant Discharge Elimination System (NPDES) stormwater studies in the 1990s;
however, they were detected only a few times each. For DDT in particular, this lack of
detection is an artifact of limitations in laboratory detection limits. Similarly, other
studies reported only a few detections; thus, the range of values within the overall data
set appears to be determined mostly by detection limits. Further, in the case of one
study (Parker et al. 2000), some of the higher DDT concentrations observed appear to
be related to historical agricultural land uses, as opposed to current land uses. As such,
the overall range of loads for general urban land uses may be overestimated to some
extent by these loading estimates. However, it should be cautioned that specific
industrial sites that are not included in these data sets may routinely exceed the ranges
used in this evaluation for these chemicals and may be important contributors to the
overall Site load.

The PCB data set is slightly more robust due to one extensive study conducted in
Switzerland (Rossi et al. 2004). This study included detailed evaluations of several
types of land uses as well as rainwater. This study found that there was a general
“ambient” load of PCBs from air deposition in the urban areas studied and a pattern of
increased loading for some specific land uses. This observation was used to set a
minimum PCB concentration for all land uses (even open space) in Portland Harbor and
to set the upper-range estimates of PCB concentrations for some land uses. However,
the extent to which conditions in Switzerland may apply to Portland are unknown and
there may be regional or even global factors that could cause (1) more or less “ambient”
load of PCBs in Portland and/or (2) different stormwater concentration patterns relative
to various land use types.

3.4 CONCLUSIONS

The overall reliability of this evaluation for the purposes of decision making is
somewhat limited. The stormwater loading estimates are used in comparison to other
qualitative to semi-quantitative source loading estimates in Section 11.1 of the main
report to support the primary purpose of the Round 2 Report: data gaps identification
for the RI. In this respect, the above loading analysis is useful for identifying the
importance of stormwater as a loading term for metals and potentially PAHs, relative to
other evaluated loading terms. For the organic chemicals evaluated, a very large range
of loading estimates was generated, due to data limitations and necessary assumptions.
Therefore, for these organic chemicals, this analysis is sufficient to identify that site-
specific stormwater concentrations for these chemicals are likely needed to better
understand the importance of stormwater loading relative to other potential sources.

BZT0104(e)029050



LWG Portland Harbor RI/FS
Lower Willamette Group Comprehensive Round 2 Report
Appendix D

February 21, 2007

4.0 GROUNDWATER LOADING ESTIMATES

The following subsections present the approach and results of calculations to estimate
the effect of groundwater on loading (and transfer) of chemicals to (or within) the Study
Area. Section 4.1 presents the approach and results of an assessment of the annual
loading rate of chemicals to the water column originating from upland groundwater
plumes. Section 4.2 presents the approach and results of an assessment of the loading
from the entire Study Area to the water column of chemicals originating in sediment
through the processes of desorption and advection.

4.1 UPLAND GROUNDWATER PLUME LOADING ESTIMATES

This section presents approach details, calculations, and results of the upland
groundwater plume loading estimates generally described in Section 7.1.3. For each of
the nine TZW study sites investigated during Round 2 (see Section 4 discussion),
groundwater chemical loading rates to surface water were calculated to provide
estimates of loading from upland groundwater contaminant plumes to surface water.

As discussed in Section 7.1.3, these estimates assume that observed TZW
concentrations are entirely attributable to upland groundwater. In some cases, the only
likely pathway for a chemical to enter the transition zone is via the groundwater
pathway, originating from upland groundwater plumes (e.g., certain site-specific
groundwater volatile organic compounds [VOCs]). For this situation, these loading
estimates are expected to be reasonably good approximations of mass loading from
groundwater plumes to surface water. In contrast, many chemicals observed in TZW
(e.g., PAHs, DDT) have in-river sources as well as upland groundwater sources. For
these chemicals, the estimates provided here are likely to be highly conservative
overestimates of the total loading to surface water from upland groundwater plumes.

4.1.1 Data Sources
As described in Section 7.1.3, data provided in the Groundwater Pathway Assessment
Transition Zone Water Site Characterization Summary Report (GWPA TZW SCSR)
(Integral 2006) were used to generate the plume loading estimates. Specifically, three
types of information were used:

1. Measured TZW chemical concentrations from 127 sample locations at the nine
study sites were used to estimate chemical concentrations. These samples
represent the complete data set for the sample depth interval from 0 to 38 cm
below mud line (bml) (see Map 2.1-4). The sampling methods included in this
data set are small-volume peepers, Trident, and Geoprobe”. Both unfiltered and
filtered (where available) results were evaluated.
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2. Seventy flow-meter measurements (24 hour, 15-minute interval records from
ultrasonic seepage meters capable of positive and negative readings) were used
to estimate groundwater flux. The 24-hour average seepage rates are presented
spatially on Map D4-1. In the design of the TZW study (Integral 2004), seepage
meters were purposefully placed at locations where there was an indication
(based on Trident temperature measurements, sediment texture, or screening
results) of higher flow rates. As such, the seepage meter measurements are
expected to be biased high.

3. Twenty-eight site-specific flow zone areas generated from interpretation of
multiple lines of evidence, including TZW chemistry results, seepage meter
data, discharge mapping temperature data, sediment textures, sediment
chemistry, and upland stratigraphy, were used to group data sets for the
calculations. These flow zones are presented with discussions supporting the
interpretations in the GWPA TZW SCSR (Integral 2006). The zones” are also
presented in this appendix in support of the approach discussion that follows.

4.1.2 Approach
As generally described in Section 7.1.3, groundwater plume chemical loads to surface
water were estimated based on observed TZW chemical concentrations and seepage
meter flow rates. Loading estimates were prepared for each flow zone area using the
following general equation:

Load (kg/yr) = C (ug/L) x Q (f’/yr) x 28.32 (L/ft’) x 10-9 (kg/ug)

where C is the chemical concentration in the TZW and Q is the groundwater discharge
flow rate to surface water. The total loading estimates for the nine study areas were
generated by summing the loading estimates for each individual flow zone. The analyte
list considered for these loading calculations is described in Section 7.1.4.1 of the main
report and includes the analytes presented in Table 7.1-5.

The approach to estimating concentrations and flow rates within each flow zone is
presented in the following subsections.

> The flow zones defined for the Gasco site in the GWPA TZW SCSR (Integral 2006) were indeterminate; due to
the concurrent in-river remedial action, access limitations prevented completion of the planned Round 2
sampling and seepage measurement at the Gasco site. To allow for estimation of loading rates over this area, the
flow zones designated at the Gasco site in the GWPA TZW SCSR (Integral 2006) were extended over the
unstudied area to provide more complete spatial coverage of the offshore area at the site. These interpretations
are presented graphically in Appendix D Figure D4-3. It is recognized that this approach adds uncertainty to the
loading estimate by requiring extended inference of the concentrations and flow rates.
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41.21 TZW Concentrations

As described above, TZW sample data from the sample depth interval from 0 to 38 cm
bml were used as the concentration terms in the loading calculations. These data were
assigned to flow zones based on sample location. For flow zones containing multiple
TZW samples, Thiessen polygons® were developed around each TZW sample location
within the flow zone. The concentration of each sample was then applied to the
corresponding partial area of the flow zone. The flow zones, TZW samples, and
corresponding Thiessen polygons are presented in Figures D4-1 through D4-7.

In a small number of cases, more than one TZW sample was collected at a single
location for a given analyte. In this case, the maximum observed concentration was
used in the calculations. Chemical concentrations below laboratory reported detection
limits were assigned a value of zero. Additionally, if an analyte was not sampled at a
given location (i.e., not on the site-specific Round 2 TZW analyte list because it was not
an analyte of interest for the groundwater pathway), loading estimates for the flow
zones associated with that site were not generated.

The approach to assigning TZW concentrations to Thiessen polygons was modified in
two cases to adjust for potential outlier concentrations that dominate the loading
estimate and obscure the uncertainty associated with the overall estimate. Specifically,
at Arkema sampling location AP03B, the measured concentration of chloroform in
TZW was 770,000 pg/L, which is more than three orders of magnitude higher than the
next highest sample result for chloroform (AP03D, 580 pg/L; see Figure D4-5). The
Thiessen polygon area corresponding to location AP03B is ~3,400 ft*, which is
expected to be a significant overestimate of the area associated with this concentration.
Similarly, TCE was measured at Siltronic sample location GP67 at a concentration of
88,500 pg/L, which is more than three orders of magnitude higher than the next highest
sample in the same offshore area, GP68 (43.5 ng/L) (Figure D4-3). The Thiessen
polygon area corresponding to location GP67 is ~1,800 ft*, which is expected to be a
significant overestimate of the area associated with this concentration. For both of these
cases, the upper loading estimate was determined by applying the measured
concentration and maximum flow estimate, following the approach prescribed
throughout the TZW loading analysis for calculation of maximum load. To determine
the lower loading rate estimate for chloroform and TCE, these concentration values
were replaced with the second highest observed concentration at the given site, and the
calculation was completed as prescribed for all other upland groundwater plume loading
estimates. This modified approach produced a larger range of potential loading rates,
which is considered to be a better representation of the uncertainty associated with
spatial representativeness of the particular samples. The uncertainty represented by this

% Thiessen polygons are formed as a network of polygons generated around seed points. In this case, the seed
points are sampling locations. The polygon around each seed point delineates all areas that are closer to the seed
point than any other seed point.
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large range also highlights the influence of individual high concentration TZW samples
to greatly influence the loading estimate.

To assess the effects of filtration, calculations were performed with both unfiltered and
filtered data sets’. The unfiltered data set consisted of unfiltered push-probe (Trident
and Geoprobe™) samples, as well as small-volume peeper samples. The filtered data set
consisted of the available 0.45-pm filtered push-probe sampling results and the small-
volume peeper results. Due to sample volume limitations, filtered Trident chemical
concentrations were not collected for all analytes at all locations. Therefore, at these
locations, to generate a complete data set for estimation of the filtered load, the
collocated unfiltered push-probe chemical concentration was assigned (considered a
conservatively high concentration estimate for the filtered concentration).

41.2.2 Groundwater Discharge Flow Rates

In each flow zone, loads were calculated for both mean and maximum flow rates to
produce a range of loading estimates. Mean and maximum observed seepage flux rates
(qmean and qmax) Were assigned to each flow zone based on available seepage meter data
within each zone. In order to apply conservatively high discharge rates to the loading
estimates, seepage meter locations with negative average seepage rates (i.e., net
recharge from the river to the groundwater) were not included in the estimation of the
(mean for each flow zone. Of the 28 flow zones identified offshore of the nine study
sites, five did not include direct seepage meter measurements. Flow rates were applied
to these five zones using professional judgment, based on flows in similar or adjacent
zones.

Mean and maximum seepage meter flux rates (qmean and Qmax, in units of cm/d) were
converted to annual flow rates (Qumean and Quay in ft'/yr) for each sample polygon area,
according to the following equation:

Q (ft'/yr) = q (cmv/d) x A (f£) x 0.03281(ft/cm) x 365 (d/yr)

Table D4-1 summarizes sample polygon areas, mean and maximum groundwater flow
rates, and calculated groundwater discharge volumes.

4.1.3 Results

Based on the calculations described above, loading estimates for each analyte were
generated for the mean and maximum flow rate conditions for both filtered and

’ Following sample collection protocols, filtered samples of VOCs, total petroleum hydrocarbon (TPH) gas,
perchlorate, and cyanide were not collected. For these analytes, filtered data loading estimates were not
generated.
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unfiltered data. Therefore, a total of four sets of loading estimates were produced.
These results are presented in Table D4-2.

Loading calculation results indicate that the range in seepage rates (Qmean and QumXx)
applied to the calculation causes, on average, a difference in total estimated load of only
32 percent, ranging from a difference of 1.4 percent to 59 percent for all 76 analytes,
filtered and unfiltered. Loads calculated with Q,,,x were greater than loads calculated
with Quean 1n all cases. Further, the difference between filtered and unfiltered total
loads averages 31 percent, with a range from 0 percent to 91 percent for all 76 analytes,
using both Qmean and Qmax. In all but three cases (magnesium, mercury, and sodium),
unfiltered total loads were greater than or equal to filtered total loads. Based on this
analysis, total loads calculated with maximum estimates of flow rates and unfiltered
concentrations provide the upper bound of possible upland groundwater plume loads to
TZW. Use of filtered TZW concentrations and mean flow rates provides a lower, but
possibly more realistic, estimate of total loads.

These estimates are considered conservatively high approximations of upland
groundwater plume loading to surface water for the following reasons:

e Because there is no attempt made in these estimates to distinguish the origin of
the chemicals in the TZW, the calculations are expected to be overestimates of
upland plume loading to surface water for chemicals that also have other
sources, including partitioning from sediments (e.g., polycyclic aromatic
hydrocarbons [PAHs], pesticides, metals, and others).

e The ranges of discharge rates applied to the calculations were purposefully
selected to represent the high end of observed seepage rates. As described
above, this included generation of mean flow rate values that excluded all
negative (recharge) seepage meter results.

e Selective placement of seepage meters in locations of expected high
groundwater flow creates a high bias for discharge rates.

e The TZW concentration estimates do not account for any additional chemical
attenuation to sediments that may occur in the upper 38 cm bml.

e Unfiltered results were considered (even in the filtered set, where filtered results
were unavailable), and these values are expected to overestimate mobile TZW
concentrations for hydrophobic analytes including pesticides and PAHs.

e Similarly to the bias inherent in the seepage meter placement, TZW samples
were, by design, preferentially collected in locations where higher chemical
concentrations were expected. This sampling design is likely to lead to an
overestimation of loading rates because these concentrations were applied to
larger (polygon) areas.
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4.2 GROUNDWATER DISCHARGE ADVECTIVE LOADING ESTIMATES

This section presents the estimation of loading of selected chemicals to surface water by
the mechanism of groundwater advection through contaminated sediments. This
process is differentiated from the groundwater plume loading estimates (presented in
Section 4.1 of this appendix) in that upland groundwater plumes are not considered the
source of the chemicals loading to surface water. As such, the groundwater advection
term is considered an in-river fate and transport process, moving chemicals from
sediment into surface water (described further in Section 7.2.1.3.2 of the main Round 2
Report).

The approach to estimation of the groundwater advection term for select chemicals is
presented in the following subsections. The results are also presented. A detailed
discussion of the results, in the context of other loading terms and fate and transport
processes in the river, is described in the CSM section of the main report (Section 11.1).

4.21 Approach
The advective loading term was estimated here using sediment concentrations,
equilibrium partitioning calculations, and estimated groundwater flux rates to produce a
kg/yr loading rate for the Study Area for the analytes presented in Table D4-5.

4.21.1 Sediment Chemical Distribution

Thiessen polygon GIS maps were used to represent the chemical distribution in
sediment over the Study Area. Each Thiessen polygon map comprises a complete
network of polygons covering the entire Study Area (from RM 2 to RM 11), with each
sediment sample represented by a single polygon. Because not all chemicals were
measured at each sample location, the number and size of polygons for each chemical
may differ, though the total arca delineated always corresponds to the water surface area
of the entire Study Area (~91,524,000 ft*). For a detailed discussion of the generation
of the Thiessen polygons, see Section 9 of the main Round 2 Report.

Two approaches, or discharge area models, were used to estimate a range of sediment
areas over which discharge may be occurring. The first discharge area model (entire
river model) assumes uniform discharge of groundwater to the entire surface area of the
river from RM 2 to RM 11 (equivalent to the entire surface area of the Thiessen
polygon sets, or approximately 91,524,000 ft*). The second discharge area model
(navigation channel excluded model) assumes that all groundwater discharge occurs in
nearshore areas from the water’s edge to the navigational channel boundary. (This
assumption was based primarily on the shape of the channel cross-section.) To
calculate the sediment area in this model, only those channel areas (and associated
Thiessen polygons) lying outside of the navigation channel were considered. Figure
D4-8 shows an example of the Thiessen polygon layer for benzo(a)pyrene (BAP), with
the navigation channel region shaded in blue. The total Thiessen polygon area

D-20
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excluding the navigation channel was determined to be approximately 43,090,000 ft*.
Consideration of both discharge area models yields a range of chemical mass flux
estimates.

4.21.2 Porewater Concentration Estimates

An assumption of equilibrium® was made to estimate porewater concentrations (Crzw)
from sediment concentrations (Cseq), applying the organic partitioning coefficient for
the chemical (K,.) and the fraction of organic carbon in the sediments (fo,c). The
equilibrium relationship is described by the following equation (see Section 7.2.2.1.1 in
the main Round 2 Report for additional discussion):

Csed - KocfocCTZW

Because the sediment concentrations in the Thiessen polygons are bulk chemical
concentrations (including the total mass of sediment and porewater in the bulk sample),
the concentration must be corrected to generate the sediment concentration (Cgeq). This
requires assumption of equilibrium and consideration of the fraction of total solids in
each sample. The following equation relates the bulk sediment concentration to the
concentration in the porewater and sediment:

% solids

Cbulk = Csed 100

% solids
100

+ CTZW '[1 -

Replacing the Cseq term with the equilibrium partitioning relationship and solving for
Crzw produces the following equation, which can be used to estimate the porewater
concentrations from the bulk sediment concentration:

Cbulk

1+(K,.f,. = 1)

CTZW =

‘ Y%osolids
100

From this equation, values for K, foc, and percent solids are needed. K, values are
chemical-specific and were developed by compiling literature K, values for each
analyte. Literature values were compiled from the following sources:

e EPA Soil Screening Guidance (EPA 1996b)
e ORNL Risk Assess Info System (ORNL 2006)

¥ Because arsenic is not expected to behave according to organic matter partitioning theory, K, equilibrium
estimation of the TZW concentrations is not appropriate for this analyte. A detailed analysis of arsenic
geochemistry in TZW is presented in Appendix E, Section 7. Based on the results of this analysis, the median
observed TZW concentration for arsenic was applied uniformly to all polygons.
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e ATSDR K, values (ATSDR 2006)
e Others including EPA (2003), Hilal et al. (1994), Di Toro et al. (1991).

Recognizing the significant variability in published K, values for many of the analytes,
the compiled values were assessed to identify a range of K, values to apply to each
calculation. The compiled K, values and applied ranges are presented in Table D4-4.

Values for f,., and percent solids were retrieved from the site characterization and risk
assessment (SCRA) database for each sediment polygon and linked in GIS to support
the calculations. For samples that did not have reported f, values, f, values were
assigned using spatial overlay and assignment of correlated values from the PCB data
set (which contained complete coverage of f,. measurements). Where percent solids
values were missing, the maximum percent solids values for the data set were applied.
This assumption was made to err on the side of generating conservatively high
estimates of concentration in porewater.

It should be noted that Cy, concentrations reported as non-detect were assigned a value
of zero for the purposes of these loading calculations. For totaled concentrations (e.g.,
total PCBs), the summing rules for the risk assessments were first applied to generate
the total concentration, then concentrations were set to zero only if all analytes in the
sum were below detection limits.

4.2.1.3 Groundwater Discharge Rate Estimates

The groundwater discharge rate estimate was generated by making simplifying
assumptions, reviewing available hydrogeologic data from the CSMs, and applying
Darcy’s Law to generate an estimated total discharge rate to the river.

Two assumptions are inherent in the use of these Thiessen polygons for estimation of
loading to surface water by groundwater advection. First, it is assumed that actual
concentration variations within each polygon are minimal and the variability in
sediment concentrations is adequately captured by the sampling design. Second, it is
assumed that projecting the actual sediment surface area (at the angle of the mudline) to
the river surface does not significantly change the chemical distribution represented by
the polygons. Both of these assumptions are considered reasonable for calculation of
advective groundwater loading to surface water.

It was further assumed for the loading calculations that groundwater discharges
uniformly through sediments. It is recognized that this assumption is not a true
representation of reality, and that discharge rates are a function of sediment texture and
stratigraphic pathway; however, for a first approximation of this loading term, the
assumption is considered reasonable.
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The current CSMs and CSM addenda were reviewed to compile the hydrogeologic
information presented in Table D4-3. Specifically, the CSMs were reviewed for the
following types of groundwater information presented, where available, for each site:

e Number of wells

e Aquifer units present

e Groundwater flow direction

e Depth to groundwater

¢ Depth of the aquifer(s)

e Saturated thickness

e Horizontal gradient

e Vertical gradient

e Hydraulic conductivity

e Transmissivity

e Groundwater velocity.

Darcy’s Law describes the relationship between groundwater flow rate (Q), the porosity
of the medium (as represented by the hydraulic conductivity, K), the hydraulic gradient
(Ah/Al), and the cross-sectional area to the flow:

Q =-K*A*(Ah/Al)
The unit flux (q) can be estimated as q = Q/A = -K*(Ah/Al).

Therefore, to estimate the total groundwater flow rate (Q) to the river, a representative
hydraulic conductivity and hydraulic gradient are needed. Additionally, the total cross-
sectional area perpendicular to the groundwater flow over the entire study area is
needed. Based on information presented in Table D4-3, unit flux values were generated
for unconsolidated alluvium by multiplying the reported hydraulic conductivity by the
reported hydraulic gradient. The results unit flux values ranged from 0.003 ft/d to 1.92
ft/d. Discarding the lowest and the highest values, the unit flux values ranged from
0.0625 ft/d to 0.15 ft/d, with an average of 0.10 ft/d.
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The cross-sectional area of flow was assumed to cover both banks of the river over the
complete 9 miles of the Study Area. The average saturated thickness was
conservatively assumed to be 60 ft (saturated thickness, as reported in Table D4-3
varies from <1 ft to >60 ft [the full depth of the channel]). Consequently, the cross-
sectional area was estimated to be:

9 miles* 5,280 ft/mile * 2 river banks * 60 ft = 5.7E6 {t’.

Multiplying the average unit flux by the total cross-sectional area produces the
estimated total flow rate of groundwater to the river within the Study Area of 5.7E5
ft’/d (6.6 cfs). This value is the total flow rate divided evenly over the sediment
polygons (and respective estimated TZW concentrations) to estimate the groundwater
advective load to the river.

To determine a unit volumetric flux rate of groundwater through sediments under each
discharge area model described above in Section 4.2.1.1, the total groundwater
discharge to the river was divided by the surface area included in each model. The
estimated unit volumetric flux applied to the discharge area model that includes the
entire surface area of the river is ~1.1 ft/yr. The estimated unit volumetric flux applied

to the discharge area model with the navigational channel excluded is estimated to be
~2.4 ft/yr.

The estimated groundwater discharge rate used in the advective loading calculations’
was compared with the flow rates determined from the seepage meter measurements'”
as part of the groundwater plume loading estimates. The results indicate that, for the
areas evaluated, the Darcy’s Law estimate of unit discharge rate through sediments is
roughly 20 percent of the unit discharge rate based on seepage meter measurements for
groundwater plume discharge areas. The conservative nature of the seepage meter unit
discharge estimates explains the disparity between the two flow estimates. First, in the
design of the TZW study, seepage meters were purposefully placed at locations where
there was an indication (based on Trident temperature measurements, sediment texture,
or screening results) of higher flow rates. As such, the seepage meter measurements are
expected to be biased high. Second, the mean flow rate values were generated by first
discarding any negative seepage meter results (this approach was taken to purposefully
generate conservatively high estimates to assess the groundwater plume loading term).
Overall, the general agreement between the magnitude of unit flux rates developed
using these two very different approaches to flow rate estimation is encouraging.

? Specifically, the groundwater discharge rate used in the comparison was that calculated assuming groundwater
discharge occurs primarily through sediments in the nearshore areas extending to the navigational channel.

1% Of the range of flow rates applied to the upland groundwater plume loading calculations, the mean flow rates
(excluding all negative seepage meter measurements) were used in this comparison.
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4.2.1.4 Calculation of Mass Loading Rate to Surface Water

The two unit flux rates for the two assumed areas of groundwater discharge were used
to estimate annual chemical mass loading rates to the river. For each Thiessen polygon,
the unit groundwater flux rates were multiplied by the area of the polygon and by the
estimated porewater concentration to produce an annual load for that polygon, using the
following equation:

MassLoad ., (kg /3) = Corpy oo (/LY Ay ()% g v x 28.32(L1 )

Where Crzw is the estimated chemical concentration in the porewater, A is the area of
the polygon, and q is the estimated annual volumetric unit groundwater flux rate. The
calculated load for each polygon was then summed to produce a harbor-wide annual
load estimate for each model discharge area and the range of K values.

4.2.2 Results
Table D4-5 summarizes the results of these calculations. Some trends are apparent
from Table D4-5. First, the variability in the available K, values for a given chemical
has a significant influence on the range of load estimates for that chemical. Load
estimates for some chemicals (e.g. aldrin, dieldrin) span three orders of magnitude,
matching the span of literature Ko values for those chemicals. The load estimates for
other chemicals (e.g., BEHP and the hexachlorocyclohexane [HCH] group) are less
variable, again reflecting the narrower range of K, values reported in the literature for
those chemicals.

The sensitivity of the loading estimates to the groundwater discharge area is also
evident. When groundwater discharge to the whole river is assumed, the estimated load
is typically lower when compared to the estimated load using only the nearshore area.
This result matches expectations based on the general trend of higher sediment sample
concentrations closer to the shore. There are, however, several exceptions to this trend:
total chlordanes, y-HCH, BAP, total PAHs, and hexachlorobenzene all show higher
total load estimates when groundwater is assumed to discharge through the entire river.
Additional analysis of thes